Methods

Histopathological diagnoses
Grossing of the specimens was performed by this author, and it was based on very extensive sampling of tumor tissue for histology. Many neuroendocrine neoplasms (NEN) were embedded in total. Specimens were fixed by immersion in 4% buffered formaldehyde for 48-72 hours at room temperature. Tissue processing, paraffin embedding, and hematoxylin-eosin staining were performed in a routine manner.
In general, histopathological diagnoses were based on a reference source [1] . Pathological data for the majority of the samples were gathered for diagnostic purposes by the author. Other cases were fully re-examined for this study.
Ki67 staining procedure
Ki67 stains were performed using pre-diluted mouse monoclonal MIB-1 antibody (Dako, Glostrup, Denmark) using automated machines (Autostainer Plus, Autostainer Link 48, Dako) following recommendations provided by the vendor. Freshly cut 4-µmthick sections were placed on adhesive glass slides (Menzel Gläser, Thermo Fisher, Braunschweig, Germany). Heat-induced antigen retrieval was performed using Envision FLEX Target Retrieval Solution, Low pH (97°C, 20 minutes) (Dako) in the PT Link module (Dako). Slides were incubated with primary antibody at room temperature for 20 minutes. For signal detection, the Envision FLEX High pH polymer detection system with diaminobenzidine (Dako) was used. Slides were counterstained with hematoxylin (Dako). Tonsil served as a positive control. For the negative control, primary antibody was omitted.
Slide digitization
Ki67 slides and corresponding hematoxylin-eosin sections were digitized using a slide scanner (Hamamatsu Photonics, Hamamatsu, Japan) using the 40x mode (0.23 µm/pixel) and evaluated using a medically certified display (NEC Display Solutions, Tokyo, Japan) and dedicated software (NDP.view2, Hamamatsu).
Statistical analysis
For parametric tests, Ki67 LI values were transformed, as recommended [2, 3, 4] . Firstly, 0.1% was added for each recorded Ki67 LI, then obtained values were transformed with a natural logarithm. This resulted usually in normally distributed values [2, 3, 4] , as checked using Kolmogorov-Smirnov tests. The concordance between Ki67 LI obtained in sets of different numbers of cells and between different hot spots (HS) and cold spots (CS) was examined using Lin's concordance correlation coefficients (CCC). CCC were interpreted using criteria by McBride [5] . Pearson's correlation coefficients were calculated for completeness. Concordance was also examined by inspection of Bland-Altman plots, which were interpreted as in [6] . For comparisons between independent (between spots) and dependent (within spots) indices, unpaired and paired t-tests, respectively, were used.
Results of Ki67 immunostains were also recorded as an ordinal variable, i.e. a Ki67-LI-based grade. In general, rules of grading provided by ENETS 2006 [7] and WHO 2010 [1] were followed. It is not known how to classify samples with Ki67 LI between 2% and 3%: some experts proposed that the index above 2% is sufficient to diagnose grade G2 [8, 9] , while others proposed that samples with indices at least 2.5% [10, 11] or at least 3% [12, 13] should be used for establishing the G2 category. In this study, the latter approach (3% cut-off value) was used, in agreement with North American Neuroendocrine Tumor Society 2013 [14] and National Comprehensive Cancer Network 2016 [15] guidelines. As stated in the main text, cases with an index below 3% were recorded as G1, cases with an index between 3% and 20% were coded as G2, and cases with an index above 20% were coded as G3. As mentioned earlier, mitotic indices were not considered for grading. Concordance between grades obtained in sets of different numbers of cells or in different spots was described using weighted κ values with linear weights. κ values were interpreted following criteria by Landis and Koch [16] . McNemar's tests with continuity correction and Spearman rank correlation coefficients were used for comparisons between dependent ordinal variables.
Based on results of examination of Ki67 LI in HS-A, 5 subgroups of NET were distinguished: (1) cases with indices below 3% as measured in 500 cells and in 2000 cells (G1 subgroup), (2) cases with indices between 3% and 20% as measured in 500 cells, but below 3% as measured in 2000 cells (G1.5 subgroup), (3) cases with indices between 3% and 20% as measured in 500 cells and in 2000 cells (G2 subgroup), (4) cases with indices above 20% as measured in 500 cells, but between 3% and 20% as measured in 2000 cells (G2.5 subgroup), and (5) cases with indices above 20% as measured in 500 cells and in 2000 cells (G3 subgroup). Clinico-pathological characteristics between these subgroups were compared using the Mann-Whitney U test for continuous variables, and the χ 2 test and Fisher's test for comparisons of nominal or ordinal variables in 2 × n and 2 × 2 contingency tables, respectively.
For documentation of utility of Ki67 LI as a predictor of regional lymph node metastasis, positive s3 Tissue heTerogeneiTy conTribuTes To subopTimal precision of Who 2010 scoring criTeria for Ki67 labeling index in a subseT of neuroendocrine neoplasms of The pancreas and negative likelihood ratios, diagnostic odds ratios, Youden's statistics, and areas under receiver-operating characteristics curves were calculated. Likelihood ratios were interpreted as in [17] . Areas under receiver-operating characteristics curves were interpreted as cited in [18] .
The number of samples included in this study was sufficient to detect the odds ratio of 10 and 20% percentage of disagreement in comparison of G1/ G2 grading categories when counting 500 cells vs. 2000 cells in HS (McNemar's test, power 0.8). This required 57 pairs of observations in total and 9 pairs of disagreement. The large odds ratio value was justified by the assumption that the probability of identification of a tumor which would be diagnosed as G1 in 500 cells but as G2 in 2000 cells was low.
Statistical significance was set at an alpha value of 0.05 (two-sided). No adjustments for multiple testing were applied. Statistical analyses and figures were done using Statistica 12 (Dell Software, Tulsa, OK, USA), Winpepi [19] , and Gene-E [20] .
Working hypotheses
Working hypotheses were: (1) Grading of pancreatic NEN is consistent irrespective of number of counted cells in HS, at least within limits provided by the WHO 2010 guidelines. (2) Selection of suboptimal HS (i.e. not HS with the highest Ki67 LI in tissue section) for counting does not necessarily result in under-grading. (3) Counting of large number of cells for Ki67 LI not in HS (in this study: in the area with subjectively the lowest Ki67 LI, CS) usually still allows adequate (i.e. identical with Ki67-LI-based grade in HS) grading. Table S1 . Guidelines for assessment of Ki67 LI in neuroendocrine neoplasms of the pancreas European Neuroendocrine Tumor Society 2006 guidelines [7] :
Supplementary Tables
"The Ki67 index should be assessed in 2,000 tumor cells in areas where the highest nuclear labeling is observed (often but not exclusively at the tumor periphery)".
European Neuroendocrine Tumor Society 2009 guidelines [21] : "To determine Ki67 (MIB1) labeling index, 100 tumor cells have to be assessed in a hot-spot area."; "In case the Ki67 positivity is unevenly distributed, several tumor areas should be evaluated".
World Health Organization 2010 guidelines [1] :
"The grading requires mitotic count (…) and Ki67 index using the MIB antibody as a percentage of 500-2000 cells counted in areas of strongest nuclear labeling ("hot spots")".
"Multidisciplinary team of physicians interested in NETs" 2010 guidelines [22] : "Eyeballed estimate of the labeling percentage was agreed to be the only method that could be strongly advocated at present. However, there was a recognition of many shortcomings of this approach"; "The group recommended to count the most densely staining regions ("hot spots") and to count a variety of areas with the tumor; it was specifically noted that counting of random areas or single regions is inadequate".
North American Neuroendocrine Tumor Society 2013 guidelines [14] :
threshold Ki67 LI values for grading were given but without description of counting methodology National Comprehensive Cancer Network 2016 guidelines [15] :
"Ki67 index is reported as the percentage of positive tumor cells in the area of highest nuclear labeling. Although recommendation have been to count 2000 tumor cells in order to determine the Ki67 index, this is not practical in routine clinical practice. It is therefore currently acceptable to estimate the labeling index, despite the recognition that estimation is subject to limitations in reproducibility".
College of American Pathologists 2016 guidelines [23]:
"Ki67 index is reported as percent positive tumor cells in area of highest nuclear labeling, although the precise method of assessment has not been standardized. It has been recommended that 500 to 2000 tumor cells be counted to determine the Ki67 index".
European Neuroendocrine Tumor Society 2016 guidelines [24]:
"P-NETs should be classified and graded using the current WHO 2010 classification and grading system".
s5 Tissue heTerogeneiTy conTribuTes To subopTimal precision of Who 2010 scoring criTeria for Ki67 labeling index in a subseT of neuroendocrine neoplasms of The pancreas This evaluation was limited to patients with neuroendocrine tumors, who were treated with pancreatic resection, have at least 1 regional lymph node detected in the pancreatectomy specimen or submitted in a separate container during the procedure, and did not have synchronous distant metastases (n = 42). Table S7 . Area under receiver-operating characteristics (AUROC) curves: Ki67 LI as predictor of regional lymph node metastasis 1 This evaluation was limited to patients with neuroendocrine tumors, who were treated with pancreatic resection, have at least 1 regional lymph node detected in the pancreatectomy specimen or submitted in a separate container during the procedure, and did not have synchronous distant metastases (n = 42). Spearman's rho R = 0.848 (p = 0.000) R = 0.800 (p = 0.000) R = 0.128 (p = 0.286) R = 0.787 (p = 0.000) * substantial agreement ** slight agreement CI -confidence interval; CS -cold spot; HS -hot spot; NS -not significant Table S10 . Diagnostic performance of Li-67-LI-based grade in neuroendocrine tumors as a predictor of regional lymph node metastasis -5% Ki67 labeling index as a cut-off value for G1/G2 distinction 1 
Gor G3 status interpreted as positive test result, G1 status interpreted as negative test result, reference value: pN status -pN0 vs. pN1 CS -cold spot, HS -hot spot, NA -cannot be calculated
Gor G3 status interpreted as positive test result, G1 status interpreted as negative test result, reference value
Relationship between grade proportions and number of examined cells in hot spot C in neuroendocrine tumors
Relationship between grade proportions and number of examined cells in cold spot in neuroendocrine tumors C D
Study limitations
There were several limitations of the present study: (1) Ki67 scoring was performed by a single observer, so the inter-rater variability was not examined. (2) Ki67 scoring was performed manually rather than using digital image analysis. HS and CS were detected subjectively. However, manual counting of Ki67-positive cells in a printed image is a reference method for Ki67 LI assessment in NEN of the pancreas [25] . (3) Although consecutive NEN samples were included in this study, referral bias cannot be excluded. (4) The number of studied NEC cases was small, so conclusions on NEC are of limited reliability. Pancreatic NEC is a very rare disease. Ki67 LI in examined NEC cases was high -NEC with relatively lower Ki67 LI exist, but are even rarer [26] . (5) A single tissue block was examined for Ki67 LI in each case, but this is possibly enough [27] . (6) Data on functional status of NEN were not included, since they were missing for some earlier cases. However, functionality may be less important than previously thought [28] . (7) Follow-up data were not included. Many cases were relatively recent, so survival analysis would not be informative. (8) The immunohistochemistry protocol for this study included antigen retrieval in low pH buffer, as recommended by the antibody manufacturer. It was recognized by the author that according to standardization initiatives [29] the use of high pH buffer may give better results [30] . (9) Automated tools for comprehensive assessment of stain heterogeneity were developed [31, 32] , but they were not available for the study.
